Abstract
Introduction
The elderly population of Korea is 11.3% of the total population and 7% of city/province population. This rapid aging of the population leads to an increase in the incidence rate of senile dementia and chronic diseases, which in turn results in serious social problem [1] . One of the most typical senile diseases is stroke. Stroke is the secondbiggest cause of death in Korea and both the incidence rate and survival rate is on the increase [2] .
More than 70% of stroke patients do not recover completely and experience hemiparalysis, which requires the help of other people to continue treatment [3] . Furthermore, intellectual disability and cognitive impairment including depression continue chronically [4] . For these patients, control of diseases and particularly the voluntary efforts of the patients are critical to postponing the incidence of complications. Unfortunately it is, however, known that 91% of the elderly with chronic diseases do not put rehabilitation exercise in practice on a regular basis [5] .
According to the Korea Institute for Health and Social Affairs, 35% of the elderly in Korea require the help of others to maintain their activities of daily living (ADL). Since ADL is closely associated with cognitive ability [6] , the importance of movement is critical to preventing the secondary dementia for the elderly and patients with the problem with mobility.
Systematic joint exercise is critical to those in need of the help of others such as those with physical spasticity, degenerative joints and hemiparalysis. Particularly ADL focuses on the ability of upper limbs, so exercise of upper extremity muscles and fine motor muscles is essential.
Thus, in this study, the authors suggested bedside rehabilitation exercises for the patients and the elderly to use their upper extremity muscles and fine motor muscles. However it is important to continue to motivate the patients to maintain their will to continue exercise to ensure the effectiveness of the rehabilitation exercise on joint.
Recently U-health and mobile health are used as a way of motivation. U-health supports disease management and basic health management for elderly patients with chronic disease and disability (e.g. stroke) by means of remote rehabilitation and continued monitoring, showing its potential for preventive rehabilitation (e.g. musculoskeletal disorders, dementia, degenerative diseases, falls, etc.) and long-term rehabilitation and disease management (e.g. stroke, myocardial infarction, neurodegenerative diseases, brain cardiovascular diseases, etc.).
In this study, to apply the suggested bedside rehabilitation exercise to the mobile health, the motion patterns of bedside exercises were analyzed using 3-axis accelerometer built in smartphone, which is very important to develop wearable devices for bedside exercises in future.
In particular, the rehabilitation exercise using ICT has the advantage in accessibility and convenience [7] [8] [9] , so its rapid feedback is expected to motivate the patients to conduct rehabilitation exercises regularly. Chapter 2 of this paper addresses related studies, such as studies on the basic concept of exercise rehabilitation and the measurement of the amount of exercise using sensor technology. Chapter 3 addresses the definition of the bedside exercise suggested in this paper. In Chapter 4, 5 key motions are selected from the suggested exercise motions and they are patterned and analyzed using a mobile phone motion sensor.
Related Works Basic Concepts of Exercise Rehabilitation
Exercise is widely used for the purpose of leisure activities and health. Conventional exercise aims at the recovery of physical functions and the improvement of technical skills, but it shifts to the leisure sports in the 1990s. Its role is emphasized in view of recovery and rehabilitation [10] . In addition, exercise is closely associated with the rehabilitation therapy for disability and diseases. Exercise serves as a therapeutic approach to various diseases, which is named exercise therapy [11] .
This concept of exercise is implicitly based on normal people. However in accordance with the National Health and Nutrition Examination Survey (2010), the incidence of adult diseases in Korea is the world's highest, and the increase of the suicide rate of teenagers and the elderly recorded the world's highest [12] , implying that the exercise does not become a part of life and is not put into practice. In addition it is critical to have the disabled recover from their physical dysfunction and consequential difficulties of daily living. This is the purpose of exercise rehabilitation. As such, exercise rehabilitation refers to total health and welfare service programs aiming at physical, mental and social health through prevention and rehabilitation [13] and the subjects include all people who seek health. [10] .
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The rehabilitation program aims at gaining confidence and motivation through the movement of bodies and inducing voluntary participation. The purpose of exercise rehabilitation is to increase the psychological and social well -being and recover physical functions to live a life independently.
Best Practices and Benefits
To achieve the purpose of exercise rehabilitation program, many studies on the recovery of physical functions using various exercises are in progress in Korea and these programs put into practice. These programs are reported to have a positive effect on the recovery of physical functions [14] , recovery of pulmonary functions [15] , the cognitive ability of the elderly [16] and bone density and lipid concentration [17] .
However, it is unfortunate that only the healthy elderly and those who have keen interest participated in such programs. The results of the studies on the exercise rehabilitation program with the weak and elderly over 75 who need of the help of others conducted in accordance with respective purpose of exercise rehabilitation program showed no significant variation in weight and BMI, yet indicated a positive effect in grip power, parallelism and cognitive and emotional elements pertaining to objective well-being.
In addition, the results of the studies on the exercise rehabilitation program with the runaway teenagers who used the shelter for teenagers showed a positive effect not only on mental health such as depression, anger and vitality but also on the secretion of growth hormone and serotonin [18] . However, to achieve the intended purpose of exercise rehabilitation program, the subjects need to continue to make efforts.
In recent years, many health management programs and apps for measuring the amount of exercise for smartphones have been developed and distributed. As the subjects are able to measure the amount of exercise and use the health information of their own using easy-to-carry smartphones, which motivates them to practice exercise rehabilitation.
Measurement of the Amount of Exercise using a Sensor
Most smartphones provide features to measure and manage the amount of exercise through walking exercise. Walking is widely used, ranging from weight management to the rehabilitation since it is a low impact aerobic exercise [19] . In recent years, with the development of smartphone with built -in acceleration sensor, apps to help walking exercise are increasingly developed and used [20, 21] . This is possible because the pattern of the values measured by an accelerometer can measure and estimate various motions and behaviors of humans [22] . For example, as shown in Figure 1 , the gait of a person creates a uniform pattern and the accelerometer measures this pattern in x, y and z values according to the direction and the tilting angle of the person, and convert them into energy expression [22] . The use of these cyclic patterns can estimate the number of steps.
Figure 1. Variation of Sensor Pattern according to Gain Pattern
By multiplying the individual's stride by the estimated number of steps, the travel distance can be calculated and the amount of exercise can be obtained according to the travel distance. In addition, the gait pattern can be categorized according to the density of pattern period. In other words, the walking speed can be estimated as a slow pace, normal pace, quick pace, or a running pace. As such an accelerometer can cover the motion of humans into figures, so it can express the motion of rehabilitation exercise into figures too. This implies that the resilience type rehabilitation exercise suggested in this study can be digitized and patterne d using an accelerometer.
Suggestion of Bedside Rehabilitation Exercise
The rehabilitation exercise suggested in this study is intended for the elderly or patient who are in need of help of others for daily ling. As the improvement of the functions of upper extremity is critical, this exercise is composed of the exercise for the joint and fine motor muscles of upper limbs and for motor coordination for walking. In addition, considering the limited space of hospital, this program is designed to be fit for a small space, i.e. bedside.
The program is largely composed of exercise for the entire body, fine motor muscles and coordination ability. Each exercise has 3 objectives and each object has 3 motions. Given the limited motion of elderly patients, maximum diversity and applicability were investigated and finally 30 motions were adopted. A double objective was set depending on the individual's ability and 12 to 15 motions were available to be chosen in the program. If there was a sign of adaptation and recovery, the choices and levels for motion increased as shown in Table 1 [23] [24] .
The motions used to develop this program include the motions related to the indexes pertaining to the evaluation of the ability of daily living (e.g. washing a face, eating, wearing or taking off clothes, relieving and bathing, etc.). In addition, this program is composed of the stages of exercise for upper extremities and fine motor muscles and coordination capability, emphasizing the rehabilitation to the activities of daily living. The motions used to analyze the patterns are evenly adopted from the motion of whole body, fine motor muscles and coordination according to the category of program and the patterns were analyzed with focus on the motions of upper limbs.
The upper limb refers to body parts between the shoulder and wrist. The movement of upper limbs is associated with not only the humeri, radius, ulna, and related muscles, but also shoulders, cervical nerves and pectoral muscles, thereby giving the interoperability of movement. Particular the upper arms are connected to glenohumeral joints, facilitating distinct arm movement and largest working range of body part through the muscle of joining part, chest and neck. In conclusion, the working range of the shoulder joints connected to upper limbs facilitates the activities of daily living in most cases.
Elbows enable bending, stretching, pronation, supination, and strengthens the muscle of upper arms and improves the accuracy in the movement of arms.
Finally, the lower arms enable turning around the radius and ulna, being responsible for the bending and stretching of hands and fingers. In conclusion, to move the upper limbs which are closely associated with the activities of daily living, it is essential to strengthen the related muscles through bending, stretching and rotating of upper limbs, and multilateral kinesthetic stimuli is required to increase the flexibility of shoulder joint and wrist joint, which will in turn increase the working range. (e) Motion 5 -In head/shoulder/knee exercise, the subjects touch each part of upper and lower body through the movement of upper limbs, which improves the flexibility, speed, agility and coordination of upper and lower limbs. This motion is very critical during the transition from bedside exercise to walking. The above 5 motions represent the purpose of this program and the functions of upper limbs and adequate for proving the possibility of continued monitoring through an analysis of motion patterns using a 3-axis accelerometer.
Experiments Experimental Analysis of the Motion Patterns of Rehabilitation Exercise
5 key motions of the rehabilitation suggested in this study were adopted. Figure 3 (a) shows a motion in which arms are raised (①) to the shoulder (②) and then lowered again(③). To analyze the singularities of each motion through experiment, it is essential to measure the location of space for motion sensing. In this study, as shown in Figure 4 , the variation of x, y and z coordinate using 3-axis accelerometer built in smartphone and sensor app (Accelerometer Monitor). A total of 5 subjects repeated each motion 10 times and 50 tests by motion were conducted. Thus the authors could obtain a total 250 findings from 5 motions 
An Analysis of Experiment Results
As shown in Figure 5(a) , the variation of x-axis is not significant, whereas y-axis increases upward from 1 and decreases downward from 10. The Z value decreases downward from above 10 to -3 and then increases upward above 10. This is consistent with the pattern of motion -in which arms are raised and then lowered -measured by the accelerometer of the smartphone. There was a difference in values for each subject depending on the size of motion, yet 5 subjects showed identical pattern.
Figure 5. Five Key Motion Patters of Rehabilitation Exercise
The x-coordinate of motion (b) starts from 0 and increases upward to 8 and then decreases downward to -5 and then is restored to 0. As shown in Figure 3 (b) , motion pattern and coordinate pattern show identical characteristics. The variation of ycoordinate shows a pattern opposite to that of x-coordinate. In other words, y-coordinate starts from 5 and decreases to -8, increases to 8, decreases to -5 again and then is restored to 5. Looking at z-coordinate, its pattern is similar to that of y-coordinate, but it is crossed twice below 0.
The x-coordinate of motion (c) starts from 0, increases to 4 and then sharply decreases to -81. It continues to change within -5, and increases to 5 and then is restored to 0. Looking at the variation of y-coordinate, it shows a pattern similar to that of the xcoordinate. In other words, y-coordinate starts from 0, increases to 8, decreases to -8. It increases to 8 again and then is restored to 0. Looking at z-coordinate, it changes from 10 to -1 and then decreases to -8. It then increase to 8, decrease to -1 and is restored to 0. It show a pattern similar to x-coordinate, but there is significant variation in the middle.
Analyzing the pattern graph of motion (d), it is irregular compared to Graph (a), (b), (c), so no singularity can be found. Looking at the pattern of x-coordinate, it starts from 0 and increases upward twice and then sharply decreases to -4 and is maintained. It increases to 10 and then is restored to 0. The y-coordinate shows a pattern opposite to the x-coordinate. And z-coordinate is very irregular compared to x and y-coordinate, so not singularity can be found.
The pattern of motion (e) is very different from those of other motions. The xcoordinate stays longer in the range of 0-5 and the y-coordinate stays longer in the range of 0-5. But the z-coordinate sharply decreases to -10 and stays in the range of -10 for a while and then sharply increases to 10.
Conclusion
This rapid aging of the population leads to an increase in the incidence of senile diseases. With the deterioration of cognitive ability and muscular functions, the elderly increasingly find it difficult to maintain their daily living without the help of others. Systematic joint exercise is critical to those in need of the help of others such as those with physical spasticity, degenerative joints and hemiparalysis. Particularly the activities of daily living focus on the ability of upper limbs, so exercise of upper extremity muscle and fine motor muscles is essential.
In this study, the authors divided the exercise into 3 categories: whole body exercise, fine motor muscle exercise and coordination ability exercise. Each had 3 objectives and each objective had 3 motions. As a result, a total of 30 motions for rehabilitation exercise were developed. Of them, the authors suggested 5 key motions by each objective.
However, to achieve the objective of exercise rehabilitation, the exercise needs to be conducted regularly. Most exercise requires continued efforts and strong will. In this study, to help conduct rehabilitation exercise, the authors perform an experiment to make patterns of exercise motions with x, y and z coordinate measured during each motion using a smartphone 3-axis accelerometer. The findings of this study are expected to serve as the foundation to develop more advanced motion sensor for the exercise motions..
